(11) Japanese Patent Publication No. 44407/1992 
(24) (44) Publication Date: July 21, 1992 
(54) Title of the Invention: 

METHOD OF PRODUCING ELECTRIC DOUBLE LAYER CAPACITOR 

(21) Japanese Patent Application No. 5021/1984 

(22) Filing Date: January 13, 1984 

(65) Japanese Patent Laid-Open No. 149115/1985 
(43) Laid-Open date: August 6, 1985 
(72) Inventors: Ichiro TANAHASHI 

Atsushi NISHINO 

Akihiko YOSHIDA 

Yasuhiro TAKEUCHI 
(71) Applicant: Matsushita Electric Industrial Co., Ltd. 

SPECIFICATION 

(57) Claims 

1. A method of producing an electric double layer capacitor 
in which a pair of electrodes, at least one of which is a 
polarizable electrode, oppositely disposed to each other 
interposing a separator inbetween are impregnated with an 
electrolytic liquid wherein said at least one of polarizable 
electrodes is allowed to be an activated carbon porous body, 
characterized in that said activated carbon porous body is 
prepared by a method comprising the steps of: 
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adding formalin and an acidic catalyst to a mixed liquid 
of a phenolic resin, polyvinyl alcohol and starch; 

preparing a foam body by a formalization reaction of said 
polyvinyl alcohol ; 

heat-fusing the foam body; 

removing said starch and acid to prepare a phenolic resin 
foam body; and 

carbonize-activating the phenolic resin foam body. 
2. The method of producing the electric double layer 
capacitor as set forth in Claim 1, characterized in that a pore 
diameter of the activated carbon porous body to be used as the 
polarizable electrode is from 5 |am to 200 urn and that a porosity 
thereof is from 40% to 85%. 

Detailed Description of the Invention 
Industrial Field of Application 

The present invention relates to a method of producing 
an electric double layer capacitor which utilizes an electric 
double layer that is formed at a phase boundary between a 
polarizable electrode and an electrolyte. 

Constitution of Conventional Example and its Problems 

Abasic constitution of an electric double layer capacitor 
in which an activated carbon is a polarizable electrode is 
constructed, as shown in FIG. 1, such that an activated carbon 
electrode (activated carbon porous body) 1 and a current 



collector 2 which is formed on the activated carbon electrode 
1 are allowed to be a unit polarizable electrode, and a pair 
of such polarizable electrodes oppositely disposed to each other 
interposing a separatore 3 inbetween are impregnated with an 
electrolytic liquid. 

Heretofore, production examples of the electric double 
layer capacitor of this type, include three types. Problems 
inherent in these production examples will be briefly described 
below . 

A first example, as shown in FIG. 3, is constructed such 
that a punching metal of aluminum is used as a current collector 
2, and a polarizable electrode material composed of an activated 
carbon powder as a primary component, a f luorocarbon resin powder 
and other components is deposited on a surface of the current 
collector 2 by mold-pressing or subjecting it to a rolling roll 
and used as an activated carbon electrode 1, and, then, a 
respective pair of current collectors 2 and activated carbon 
electrodes 1 are wound interposing a separator 3 inbetween and 
impregnated with an electrolytic liquid. It is difficult that 
the activated carbon to be ordinarily used in this case has 
a specific surface area of 1000 m 2 /g or more. In such a 
polarizable electrode, a quantity of the activated carbon per 
unit volume is decreased due to the f luorocarbon resin and other 
components contained therein and, accordingly, a double layer 
capacity is decreased. Further, in the polarizable electrode 
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produced by using the current collector 2, the current collector 
2 and the activated carbon electrode 1 fundamentally contact 
with each other merely physically and, particularly, in such 
a polarizable electrode as wound to have a spiral structure, 
since stress are applied to a layer of the activated carbon 
electrode 1 on the outside of the current collector 2 and the 
other layer of the activated carbon electrode 1 on the inside 
of the current collector 2 in opposite directions, there exist 
drawbacks that such a contact between the current collector 
2 and the activated carbon electrode 1 becomes weaker whereupon 
an internal resistance of the electric double layer capacitor 
is gradually increased, application efficiency of the activated 
carbon electrode 1 is gradually decreased and the like. 

A second example, as shown in FIG. 2, is constructed such 
that a polarizable electrode comprises an activated carbon 
electrode 1 which is fabric, paper, felt or the like composed 
of an activated carbon fiber as a primary component and a current 
collector 2 which is a metallic layer made of aluminum, titanium 
or the like by a spray coating method, a vapor depositing method 
or the like, and a pair of such polarizable electrodes oppositely 
disposed to each other interposing a separator 3 inbetween are 
impregnated with an electrolytic liguid and, then, allowed to 
be shaped in a coin form by an enclosing case 4 and a gasket 
5. 
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Further, a method of producing the example of this type 
is advantageous in that the example can be constructed in a 
discretionary form such that the activated carbon electrode 
1 having the current collector 2 is wound in a spiral structure 
to have a same constitution as that described in the first example 
and the like and that, since the activated carbon fiber has 
a sufficient strength at the time of processing, a binder is 
not required inthiscase contrary to a case in which the activated 
carbon particle is used and, accordingly, the capacity per unit 
volume can be larger. However, this method has drawbacks that 
the activated carbon fiber is high in cost and, since a fiber 
diameter is as fine as from about 3 \xm to about 12 |im, it is 
a present situation that it is extremely difficult to hold the 
electric resistance to be small. Therefore, there exists a 
drawback therein such that a large current can not be led out 
at the time of discharge. 

A third example, though not shown, is prepared by a method 
in which glass type carbon is activate-carbonized to be a 
polarizable electrode. However, this method has a drawback 
that it is difficult to synthesize the glass type carbon and, 
provided that it can be synthesized and activate-carbonized, 
it is difficult to obtain the polarizable electrode having a 
large specif ic surf ace area . Further , it is extremely difficult 
to process it into such a constitution as in the first or second 
example . 
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Object of the Invention 

An obj ect of the present invention is to provide an electric 
double layer capacitor which uses a polarizable electrode having 
a large specific surface area and a high strength, exhibits 
a high performance and is low in cost. 
Constitution of the Invention 

In order to attain the object, the electric double layer 
capacitor according to the present invention is produced by 
a method producing an electric double layer capacitor in which 
a pair of electrodes, at least one of which is a polarizable 
electrode, oppositely disposed to each other interposing a 
separator inbetween are impregnated with an electrolytic liquid 
wherein at least one of polarizable electrodes is allowed to 
be an activated carbon porous body, and the activated carbon 
porous body is prepared by a method comprising the steps of: 

adding formalin and an acidic catalyst to a mixed liquid 
of a phenolic resin, polyvinyl alcohol and starch; 

preparing a foam body by a formalization reaction of said 
polyvinyl alcohol ; 

heat-fusing the foam body; 

removing said starch and acid to prepare a phenolic resin 
foam body; and 

carbonize-activating the phenolic resin foam body. 
Description of Embodiments 
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Now a method of preparing an activated carbon porous body 
according to the present invention will be described. In order 
to prepare the activated carbon porous body, first of all, it 
is required to prepare a porous body of a phenolic resin 
(hereinafter also referred to as phenolic resin porous body) . 
As for a phenol-formaldehyde resin, a novolak resin and a resol 
resin are ordinarily known. The novolak resin is ordinarily 
produced by reacting phenol with formalin using an acid catalyst 
such as oxalic acid under a condition of excess quantity of 
phenol such that a molar ratio of phenol to formaldehyde is, 
for example, 1 to from 0.7 to 0.9; the novolak resin comprises , 
as a primary component, from a t rimer to a pentamer of phenol 
combined mainly by methylene groups and contains almost no free 
methylol group. Therefore, since the novolak resin itself does 
not have a self-cross-linking property but has a 
thermoplasticity , it is not appropriate as a raw material 
according to the present invention. Further, except for the 
novolak resin of this type, a cured novolak resin of a relatively 
highly condensed type in which from 7 to 10 phenolic groups 
are combined by styrene groups can be used as a material according 
to the present invention. 

The resol resin which is produced by condensation using 
an alkali catalyst comprises, as a primary component, from a 
monomer to a trimer of phenol which contains a relatively large 
quantityof methylol groups andhas an extremely high reactivity. 
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Such phenol resins are appropriate as a raw material according 
to the present invention. Further, a conventional cured 
phenolic resin has an excessively large three-dimensional 
cross-linking density thereby being hard and brittle. 
Therefore, by controlling a cross-linking density, 
particularly, allowing a network of a polymer to be larger, 
a phenolic resin having a large "stretchability" and 
"pliability" compared with those of the conventional cured 
phenolic resin can be obtained; the thus obtained phenolic resin 
is optimum as a raw material according to the present invention . 

Next, a method of producing an activated carbon porous 
body is described with reference to an example. 

In order to prepare a phenolic resin of a porous body, 
a formalization reaction of polyvinyl alcohol (Poval) is 
utilized. One example of this case is described below. 

( 1 ) A from 15% to 20% aqueous solution of polyvinyl alcohol 
is prepared and, then, the thus prepared solution is mixed with 
the above-described phenolic resin (for example, a granular 
phenolic resin under a trade name of "Bellpearl", available 
from Kanebo, Ltd.) in a quantity corresponding to a desired 
porosity and, thereafter, the resultant mixture is mixed with 
a pore-imparting agent which can be removed at a last step of 
preparation such as potato starch. 

(2) The thus prepared mixed liquid is added with formalin 
and sulfuric acid as a reaction catalyst and sufficiently stirred 
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to initiate a formalization reaction and, then, the resultant 
reaction liquid at an early stage of the formalization reaction 
which contains a large number of air bubbles is poured into 
a mold. 

(3) The reaction liquid in the mold is allowed to react 
at from a room temperature to 50°C for from 10 hours to 40 hours 
to obtain a water-insoluble foam body having a formalization 
degree of from 60% to 70%. 

(4) In order to heat-fuse the foam body, it is heated 
at from 150°C to 180°C. 

(5) The thus treated foam is fully rinsed to thoroughly 
remove the starch and the acid therefrom whereby a phenolic 
resin porous body having continuous air bubbles can be obtained . 

A number, size and the like of the air bubbles of the 
phenolic resin porous body are changed in accordance with a 
mass of the pore-imparting agent, a viscosity of an admixture 
of a formalin additive, a reaction condition, and the 
formalization degree. 

Since the thus prepared phenolic resin porous body has 
a large mesh of a network polymer, it is not brittle thereby 
having a high strength compared with the conventional cured 
phenolic resin. 

Suceedingly, a method of carbonize-activating the thus 
prepared phenolic resin porous body is described. 
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In the beginning, a carbonization is progressed by 
subjecting the above-described material to a heat of from 800°C 
to 1000°C under an atmosphere of an inert gas such as nitrogen 
gas or the like, or under a vacuum. When the conventional 
phenolic resin is carbonized, it becomes brittle to a great 
extent, but, when the method of producing the phenolic resin 
porous body according to the present invention is used, a 
mechanical strength which is incomparable to that of the 
conventional article can be obtained. Next, a method of 
activation thereof is described. It is of course permissible 
that a once carbonized article is activated to perform such 
carbonize-activation, but, it is efficient and can produce an 
activated carbon porous body which has advantageous 
characteristics that carbonization and activation are 
simultaneously performed. The activation is performed by a 
method of (1) heating the phenolic resin porous body under an 
atmosphere of nitrogen, or steam at from 800°C to 1000°C, another 
method of (2) treating the phenolic resin porous body by a 
catalyst such as sodium hydroxide, zinc chloride or the like 
and, then, heating the thus treated porous body under an 
atmosphere of nitrogen, or a mixed gas of nitrogen and oxygen 
at from 800°C to 1000°C or other methods. 

Since a raw material having a larger stretchability and 
pliability of a network of a polymer than those of the 
conventional phenolic resin as the raw material according to 



10 



the present invention is used, it has an excellent mechanical 
strength even after subjected to carbonize-activation step 
compared with those of the conventional phenolic resin and it 
does not become brittle contrary to the conventional activated 
carbon porous body. 

Further, it is possible to obtain the activated carbon 
porous body according to the present invention which has a large 
specific surface area of up to about 2200 m 2 /g (BET method) . 

Example 1 

An electric double layer capacitor in a coil form as shown 
in FIG. 2 was experimentally produced by using an activated 
carbon porous body (activated carbon electrode 1) which has 
each of various types of specific surface areas, pore diameters, 
and porosities as both anode and cathode of polarizable 
electrodes . An electrically conductive resin in which a carbon 
particle was an electrically conductive particle is used as 
an electrically conductive electrode (current collector 2) . 

A relationship between a specific surface area and a 
collection capacity of an activated carbon porous body of such 
a capacitor is shown in Table 1. Since the present capacitor 
utilizes a double layer capacity to be collected at a phase 
boundary between the polarizable electrode and the electrolyte 
in principle, it is appreciated that a double layer formed area 
and the capacity increase nearly in proportion . In this example, 
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a weight of the polarizable electrode was 50 mg and an organic 
electrolytic liquid in which propylene carbonate and tetraethyl 
ammonium perchlorate are used as a solvent and a solute, 
respectively was used. In this example, when the activated 
carbon porous body having a pore diameter of from 5 urn to 200 
Mm, and a porosity of from 40% to 85% is used, favorable 
characteristics are able to be obtained; among other things, 
when the activated carbon porous body having a specific surface 
area of 2000 m2/g or more is used, the electric double layer 
capacitor having an extremely large capacity can be obtained. 



Table 1 





Characteristics of polarizable electrode 


Characteristics of electric double layer 
capacitor 




Specific 
surface area 
(m 2 /g) 


Pore 
diameter 
<nm) 


Porosity 
(%) 


Capacity 
(F) 


Impedance 
at 1KHz 

(fi) 


Leakage 
current 
(uA) 


1 


300 


200 


85 


0.28 


3.6 


20 


2 


700 


170 


70 


0.60 


3.8 


21 


3 


1000 


150 


66 


1.0 


3.9 


20 


4 


1500 


100 


60 


1.42 


4.1 


21 


5 


1700 


50 


58 


1.72 


4.1 


21 


6 


2000 


10 


51 


2.1 


4.1 


18 


7 


2200 


5 


40 


2.2 


4.2 


19 
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Example 2 

A capacitor in a same coin form as in Example 1 was prepared . 
Though the electrically conductive resin in which the carbon 
particle is the electrically conductive particle was used as 
the electrically conductive electrode in Example 1, aluminum 
was formed on an activated carbon porous body by a plasma spray 
coating method in this Example. When the plasma spray coating 
method is used, not only a bonding between the activated carbon 
porous body and aluminum becomes strong thereby decreasing a 
contact resistance, but also, since an aluminum metal is 
electrically conductive, an electric conductivity becomes 
favorable compared with that of Example 1. Various types of 
characteristics at the time of using the activated carbon porous 
body having a specific surface area of 2200 m 2 /g are shown in 
Table 2 . Characteristics of the capacitor obtained by applying 
an arc spray coating in place of the plasma spray coating are 
also shown in Table 2. In either case of using plasma and arc, 
the capacitor having a lower impedance than that of the capacitor 
exhibited in Example 1 can be obtained. 
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Table 2 





Electrically 
conductive electrode 


Characteristics of polarizable 
electrode 


Characte 


ristics of electric double 
aver capacitor 






Specific 
surface area 
(m 2 /g) 


Pore 
diameter 
(nm) 


Porosity 
(%) 


Capacity 
(F) 


Impedance 
at 1KHz 

(fi) 


Leakage 
current 


1 


Plasma spray coated 
aluminum 


2200 


5 


40 


2.2 


3.2 


15 


2 


Arc spray coated 
aluminum 


2200 


5 


40 


2.2 


3.3 
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Example 3 

A capacitor was constituted by using a same activated 
carbon porous body having a specific surface area of 20OO m 2 /g 
as used in Example 1 as anode and cathode polarizable electrode 
and also using solutes, solvent type organic electrolytic 
liquids as shown in Table 3, as well as aqueous solution type 
sodium hydroxide and sulfuric acid as electrolytic liquids. 
Various types of characteristics thereof are shown in Table 
3. In any of the electrolytic liquids, a favorable capacitor 
is obtained. In a case of an organic electrolytic liquid type, 
a withstanding pressure thereof can be raised up to about 2V, 
but the impedance thereof becomes larger than that of the 
solution type. 
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Table 3 





Electrolytic liquid 


Characteristics of electric double layer 
capacitor 




OUIVCI li 


ooiuie 


Capacity 
(F) 


Impedance at 

1KHZ 

(Q) 


Leakage 
current 


1 


rropyiene caroonaie 


Lithium perchlorate 


2.2 


4.2 


20 


2 


Propylene carbonate 


Tetraethyl ammonium 
perchlorate 


2.2 


4.1 


21 


3 


T-butyllactone 


Lithium perchlorate 


2.1 


4.1 


19 


4 


T-butyllactone 


Tetraethyl ammonium 
perchlorate 


2.2 


4.2 


20 


5 


1 ,2-dimethoxyethane 


Lithium perchlorate 


2.2 


4.1 


21 


6 


1 ,2-dimethoxyethane 


Tetraethyl ammonium 
perchlorate 


2.2 


4.1 


20 


7 


Thionyl chloride 


Lithium perchlorate 


3.2 


2.1 


16 


8 


Thionyl chloride 


Tetraethyl ammonium 
perchlorate 


3.4 


2.0 


17 


9 


Sodium hydroxide 


4.8 


1.3 


8 


10 


Sulfuric acid 


5.1 


1.2 
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Example 4 

An electric double layer capacitor in a coin form, though 
not shown, was constituted by using an activated carbon porous 
body (activated carbon electrode 1) having a specific surface 
area of 2000 m 2 /g as a cathode of the polarizable electrode 
as shown in FIG. 2, and metallic lithium in place of the activated 
carbon porous body (activated carbon electrode 1) as an anode 
thereof, and also interposing a separator made of polypropylene 
inbetween. On this occasion, an electrolytic liquid in which 
lithium perchlorate is dissolved in propylene carbonate was 
used. Various types of characteristics at the time of using 
the electrode having a diameter of 14 mm are shown in Table 
4 . The capacitor having favorable characteristics can be 
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obtained even in a case in which a non-polarizable electrode 
such as lithium is used as the anode. 



Table 4 



Constitution of electrode 


Characteristics of electric double layer 
capacitor 


Anode 


Cathode 


Capacity 
(F) 


Impedance at 
1KHz 

(CI) 


Leakage 
current 
(HA) 


Metallic lithium 


Activated carbon porous 
body 


2.1 


3.5 


15 



Advantage of the Invention 

As is apparent from the above description, the present 
invention constructs an activated carbon porous body having 
a higher strength than that of a conventional polarizable 
electrode and a high specific surface area and uses the resultant 
activated carbon porous body as an polarizable electrode; hence, 
it is possible to obtain an electric double layer capacitor 
which is easily processed and has a large capacity regardless 
of being small in size. 

Brief Description of the Drawings 

FIG. 1 is a cross-sectional view showing a basic 
constitution of an embodiment according to the present invention 
and a conventional electric double layer capacitor; FIG. 2 is 
a front elevational half-sectional view showing a constitution 
of a same electric double layer capacitor as in FIG, 1, but, 



16 



on this occasion, in a coin form; and FIG. 3 is a substantial 
part cutaway view in perspective of a conventional electric 
double layer capacitor in a wound form. 

1 Activated carbon electrode (activated carbon porous body) 

2 Current collector 

3 Separator 
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FIG. 1 




FIG. 




18 



©Int.Cl. 5 

H 01 G 9/00 



© b * m town? (jp) < 

3 0 1 7924-5E 



i> m & & m & & 
¥4 -44407 

¥riU #41992) 7 R21 B 



®*S IS BB59-5021 
@£& W Bg59( 1984) 1 /113 0 

9i # 4r m — # 
9J ^ is sj a 

^ S f-f ffl BS & 

®ft a a #«± +mtt3 m 
m * m * si # a; 



61 B860- 149115 
©8560(1985) 8 6 B 

*S£H?Pmm*:?Pmi006#ift tfcTSSMttat^ttW 

*Rjffpm«fr*^pmioo6#jft #T«g£jmst£ttfl 
*Rj»pmm*^pmioo6#«i <aTmsM«^ttrt 

AlEJffPmTfr^HB 1006#Mi 



1 *^^-5'$^LT*}|o]ie(ELfciJ?< tt- 



l mtm 2 1 rnmtmm 1 1 « 

{Moistt^^s 1 <dm t mm* 2 wrtiHofttt^ 



— 27 — 



(2) ¥ 4-44407 

3 4 

xitcv. %mtm& i ommnhmtffcmzisrF xmz7*;-j\smzm&#£m<t®.i£ixft$i 
m 2 *> tot** ffffittmet l xm 2 m^m-t mmmwtaw 

Cfll i. 20 7Art K<*>*.»wJtx £ 1 *f0.7~0.9* * 

E*^g1 *jB4l8IEK*&lElLx K1«MTi-: «fc-7*&ftfcll«£ffl<.'Tx 7i/-*t*^7^ 

Tx mmffita^^? <ts: tw&tbTmn*zo 20 ru>mx-&-£zntzimifi)M&Gi$o>mit;* 

* r £tttr-^Li\. J^tll, *W9KDm&\zMtZ><, t*b\z^ Vt%o>73-;- 

2iz±irftcj: v*cmanzmn:-ti>z t i>&tt>xm ^mmmitmi, =fr7t&&&mvi§)&}iz*£ ^ 

mm*$&itzm§i=.w8*+<>^>*o)iim2 : X' s&m-rh. uT j to>-&i<Dvt-o£±*f*>. 

t % *yk--^T^3-^tx TA,ta«>ig£» ar % ^«»HD«ett7a:y-^«i&x 
ir. *^-7»j>jsj:x/tt»j«*iDiTisriB*»j f *^<-jo tmm-t^nmzx 



— 28 — 



(3) 



ft& ¥ 4-44407 



<2I \z * )vt v > J: ys^/ftlKosSK £ 

(3) MiStl.>L50X3TlO~40l^®Sl&5«5t* 

(4) 7*;-n>mmimmmtntztitb^ m 
s-fSHbfct. Jbsetm*. saar 

t£#;*#HflT* abit^iSffi4 3 T-800-lOOO , C 
i j - ,nfln& ^ #h b-T nw £ t, > <> o> t U 

<>wSRi&LTi^i*fbLT<>&.^ -fteft 
<b* K&efrtt5£4<« MKrTL^<>AflF%« 

*»MWL<*£. *£&£BSTF, 800 



sb* irnmm-e 7 * / - *bb£tu* $ *us l 
bs&h& tfcti, mmww&rr 

«t 05*7 h 7— t«ft& tow: 

9 ^*£*B«£ttffl LTV wfbRiSl 

^ < 
JO £fc*£WW&tt{ie£?l#Mt22OOirf/0 
(BETSiX Sftlz £ T-* t *Jt£B £ m-t 4 1 

<f%5-200pm> $\?L*40-85%WiS1t^#?L 

* 9 s w t * s. 



I 









ifcfBBaffi 




(56) 
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at lKHz(ft) 
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300 


200 
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0.28 
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20 


2 


700 


170 


70 


0.60 


3.8 


21 
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1000 


150 


66 
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3.9 


20 
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50 
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2000 


10 
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2.1 
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18 
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2200 
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40 
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